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INTRODUCTION 
Fairly good deal of work on indazole, imidazole, 
pyrazole and their derivatives has been reported from these 
laboratories in the last two decades^ ^ \ These organyl 
borates with varying composition have been studied with a 
view to locating the mode of coordination, ligand properties 
and the physico chemical properties of the complexes formed 
from them^ , 
The coordination compounds of first row transition 
metals with pyrazole, imidazole and their derivatives are 
well documented. The complexes of second row transition 
metals with these ligands have not been thoroughly investi-
gated except for a few metal complexes with imidazole, benzi-
midazole, pyrazole, dimethylpyrazole and 2-(2-pyridyl) benzi-
midazole^ ^ ^ . Bonojr-acceptor type compounds of Cu/,,^, 
Cojj), Ni(jj), Pd(jj), Rh(jj), Pt(jj) and Ir^^^j with 2-
(2-pyridyl) benzimidazole have been reported by Ghosh and 
(7) 
coworkers^ '^. They have shown that both the pyridyl nitrogen 
and tertiary nitrogen of the imidazole ring are boiind to the 
metal ions. 
The chemical literature of the last fifty years ref-
lect the interest shown by coordination chemists in boron-
nitrogen chemistry. The reason for this lies in the fact that 
B-N bond is isoelectronic with C-C bond, hence it is e:q)ected 
t ha t boron-nitrogen bonded compounds should have a very r ich 
chemistry as i s the case with the compounds having C-C bond. 
Work on boron nitrogen chemistry was given a new turn in 
1966 by Trofimenko^"'' who es tabl ished a s e r i e s of novel poly 
(1-pyra2olyl)borates , A number of t r a n s i t i o n metal complexes 
incorporat ing pyrazolyl borate l igands have since been r e -
ported^ * * . The importance of these novel l igands of general 
formula [HnB(PZ)^_ ]~ where n = 0, 1 or 2 and PZ^pyrazole 
residue, has been reported ^ -^'. I t has been shovm tha t v^ dien 
n = 2 the ligand i s b identa te , while the fHnB(PZ) ^] may act 
as t r i d e n t a t e or t e t r aden ta t e depending on the number of PZ 
attached. 
The d ihydrobis( l -pyrazolyl )bora te anion forms chelates 
(Ah) 
with divalent f i r s t row t r a n s i t i o n metal ions ' . The i s o -
morphous Ni ( I l ) and Cu(Il) chelates have been assigned square 
planar geometry whereas the chelates of Mn(ll) , Co(Il) and 
Zn(II) were foiand to be octahedral . 
The hydro t r i s (1-pyra2olyl) bo ra te anion, HBPZ, a uni-
negative t r i d e n t a t e l igand with C, symmetry has been reported. 
I t s complexes with Mn(II), F e ( l I I ) , Co( l l ) , Ni(II) and Cu(Il) 
ions were assigned octahedral geometry. A cross over between 
(17) 
high spin and low spin states has been observed in Fe(HBPZ)p • 
The coordination behaviour of the t e t r ak i s ( 1-p}n:Tazolyl) 
borate i s s imi lar to tha t of the hydro t r i s species. These 
complexes are however thermally more s table and have somewhat 
lower s o l u b i l i t y than the corresponding hydro t r i s complexes. 
The BPZ, can also act as a t e t r aden ta te donor group when a 
pa i r of N-termini are bridged through another metal ions. Like 
the hydro t r i s the t e t r a k i s l igands also yield half sandwich 
compounds ^ ' ' 
Mingnetti and coworkers have synthesized platinum 
pyrazolide complexes. The heteropolymetal l ic system involving 
t r a n s i t i o n metals have given r i s e to a s e r i e s of very i n t e r e s t -
Ing and novel compounds^ ' . . The k ine t i c s and mechanism 
of the hydrolysis of phenyl(pyrazolyl)borate , hydro(pyrolyl- l ) 
borate and Cyano(pyrolyl-l)borate have also been reported 
recent ly . King and Bond have studied the react ion 
of perf luoroalkyl metal carbonyl hal ide with poly( 1-pyrazolyl) 
(27^ 
borate and a number of t h e i r complexes with t r an s i t i on metal; ' 
Mini and coworkers have reported^ ' the synthesis of V(II) 
and Cr(I l ) complexes with poly( l -pyrazoly l ) methane. 
Following Trofimenko the synthesis of an analogous 
se r ies of poly(1- indazolyl )borate anions has been reported by 
Zaidi and coworkers^ . I t was observed tha t the formation 
of each member of a s e r i e s was temperature dependent. Octahedral 
complexes of the type MfHpB InZp], with several t r an s i t i on 
metals have been synthesized. The Cu complexes has been 
assigned square planar geometry. The hydrot r i s (1- indazoly l ) 
borate complexes as well as t e t r ak i s ( 1-indazolyl)borate 
complexes of Cu(I l ) , N i ( I l ) , Co( l l ) , Mn(ll) and Fe(Il) ions 
resemble t h e i r dihydrobis( l- indazc-lyl)borate. Similar l igands 
using 5- , 6-ni t roindazole have been synthesized and t h e i r 
coordination proper t ies studied^ . 
The synthesis and physicochemical s tudies of dihydro-
bis(Succinimidyl)borate and i t s complexes with the f i r s t row 
t r ans i t i on metal ions have been reported^ . An octahedral 
s t ruc ture has been suggested for Cr(I l) and Fe(III) complexes 
whereas the Cu(II) complex i s believed to be square planar. 
A te t rahedra l geometry i s proposed for the Mn(Il), Co(II) and 
Ni ( l l ) complexes with the above l igands. By a consideration 
of the l igand f i e ld parameters i t has been indicated tha t the 
poly( 1-indazolyl) bo ra tes behave as a s t ronger coordinating 
l igand them t h e i r methyl analogue. 
Besides compounds containing B-N bonds attempts have 
been made to sjnithesize der iva t ives with B-0 and B-S bonds. 
Following the pioneering work of Y. Okamoto -^^  "^  in t h i s sub 
area some thiophenolyl and ca techolyr^ '-^'^ borates have been 
reported from these l abo ra to r i e s which present a new se r ies 
of t r a n s i t i o n metal complexes having d i f fe ren t stereochemistry. 
( TO 4 0 •) r 41 ^ 
Livingstone and Jorgenson^ ^^' ^ Gray^ \ McCleverty 
and Schranzor ^^^•^^J viave dea l t with the chemistry of 1, 2-
di thiolene complexes. A number of i n t e r e s t i n g and novel 
d i th lolene l igand systems have been developed recent ly. Of 
these the dimercapto d i th lo lene i s of i n t e r e s t as i t has a 
capabi l i ty feer forming mixed 1,1- and 1 ,2-d i th io la te poly-
meric complexes although only the 1,2-dithiolene metal 
complexes have been prepared '^^^. 
Pyr id ine-2- th io l under the present discussion i s 
commonly known as 2-mercaptopyridine, i t exh ib i t s keto-enol 
ha; 
(48) 
(A5-47) 
tautomerism . I t s importance in the recent years s 
been rea l ized because of i t s c l i n i c a l appl ica t ion as drug 
and because i t also ac t s as a model for 6-thioquanosine 
(2-amino 1,2-dihydro 93-I>-ribofumosyl-6H-purine-6-thione) 
which has NH and sulphur in the 1 and 6 pos i t i o 
As such the coordination behaviour of pyr id ine-2-
(50-55) t h io l and i t der ivat ives i s well known but t h e i r 
organyl borates have not been studied, since the pyr id ine-2-
th io l e a s i l y forms the organyl borate with KBH, , i t was worth 
while studying the formation of i t s borates and some coordina-
t ion compounds with a few t r a n s i t i o n metal ions. An the 
possible der ivat ive such as dlhydrobis , hyd ro t r i s - and 
t e t r a k i s - ( p y r i d i n e - 2 - t h i o l y l ) and t h e i r complexes with f i r s t 
row t r a n s i t i o n metal ions have been successfully synthesized 
under the present pro jec t . The main object of th i s work i s to 
study the coordination a b i l i t y of the l igand and the s t ructure 
of the complexes formed. 
P r e s e n t Work 
MATERIAL AND METHODS 
P y r i d i n e - 2 - t h i o l ( A l d r i c h ) was used wi thout f u r t h e r 
p u r i f i c a t i o n . KBH (^BDH, England) and Metal s a l t s (BEH, 
Analar) were used as such, Di methyl forma mi de (E.Merck) was 
d r i ed over potass ium hydroxide and then vacuum d i s t i l l e d . 
Preparation of potassdum dihydix)b is (pyr id ine-2- th io ly l )borate: 
Potassium borohydr ide (1.092 gm 20.27 mmol) and 
p y r i d i n e - 2 - t h i o l ( 4 . 50 gm 40. 5A mmol) were mixed t o g e t h e r and 
re f luxed with s t i r r i n g f o r about twelve hou r s . The mixture 
melted s lowly and the r e a c t i o n proceeded with the e v o l u t i o n 
of hydrogen gas . This r e a c t i o n may be r e p r e s e n t e d as below: 
2C5H5NS + KBH^  > K*rC^QH^QN2S2B)" + ZH^ 
The r e s u l t i n g yel low compound was hea ted with dry 
EMF for about s i x hours . The r e a c t i o n mixture on coo l ing to 
room tempera ture y i e lded a off v ^ i t e s o l i d which was f i l t e r e d , 
washed and d r i e d in vacuo. Yield A0% and decomp. temp.282*C, 
Preparation of Potassium hydro bi s( p y r i d i n e - 2 - t h i o l y l ) bo rate; 
Potassium borohydride (13.51 mmol) and p y r i d i n e - 2 -
t h i o l ( 4 0 . 54 mmol) i n 1:3 molar r a t i o were re f luxed with 
s t i r r i n g f o r about s i x t e e n hours . Hydrogen gas was evolved 
accord ing to the equa t ion -
3C^H NS •»• KBH^ ^ K*(C^^H^^N^S^B) + 3H2 
Af te r coo l ing the p roduc t was hea t ed with dry EMF. 
A off white s o l i d m a t e r i a l s e p e r a t e d o u t . This was f i l t e r e d , 
washed and d r i ed under reduced p r e s s u r e a t room tempera tu re . 
Yield 42% decomposit ion temp. 280*»C. 
P r e p a r a t i o n of t e t r a k i s ( p y r i d i n e - 2 - t h i o l y l ) b o r a t e : 
Potassitim borohydride (0 .56 gm) and p y r i d i n e - 2 -
t h i o l ( 4 . 5 gm) were r e f l uxed with s t i r r i n g wi thout any so lvan t 
fo r about twelve hours t i l l the hydrogen gas was evolved. The 
r e a c t i o n may be r e p r e s e n t e d as below : 
4C^H^NS + KBH > "^""^  ^20^16^4^4®^ ~ * ^^2 
A l i g h t yellow s o l i d m a t e r i a l was ob ta ined on coding. 
This l i g h t yellow s o l i d was d i s so lved i n dry EMF and hea ted 
under r e f l u x . After some time the s o l u t i o n was cooled to 
room tempera tu re and the s o l i d which reappeared was f i l t e r e d 
and d r i e d i n vacuo. Yield 42% decomposit ion tempera ture 282*C. 
P r e p a r a t i o n of the complexes : 
The complexes of a l l the t h r ee l i g a n d s potassium 
d i h y d r o b i s - , h y d r o b i s - and t e t r a k i s ( p y r i d i n e - 2 - t h i o l y l ) b o r a t e 
were p r epa red by mixing an e t h y l a lcohol s o l u t i o n of the ligand 
(1 mol) with the a p p r o p r i a t e metal c h l o r i d e (MnCl-, C0CI2, 
8 
NiCl-, CuClp and ZnClp) (1 mol). A coloured p r e c i p i t a t e 
appeared in each case a f t e r ref luxing with s t i r r i n g the 
solut ion for about six hours. The p r e c i p i t a t e was f i l t e r e d 
off, washed with alcohol and a i r dried. 
Analysis and Physical Measurements : 
The elements were estimated microanalyt ical ly . IR 
spectra (4000-400 cm ) in KBr were recorded with a perkin 
Elmer gra t ing spectrophotometer model 621. Chlorine and 
sulphur estimated gravimetr ica l ly . The diffuse reflectance 
spectra were recorded with a Carl-Zeiss VSU-2P spectrophoto-
meter using MgO as ca l ib ran t . Magnetic su scep t i b i l i t y measure-
ments were done by the v ibra t ion sample magnetometer (VSM) 
technique. 
RESULTS AND DISCUSSION 
The a n a l y t i c a l r e s t i l t s of the complexes, t h e i r 
co lour , me l t ing p o i n t s , y i e l d and e lementa l a n a l y s i s are 
given in Table I - I I I . The complexes have been f u r t h e r 
c h a r a c t e r i z e d by t h e i r I n f r a r e d s p e c t r a Table IV-VI. The 
e l e c t r o n i c s p e c t r a of t he complexes are summarized in 
Table VII-IX. The p robab le s t r u c t u r e of t he se l i g a n d s have 
been proposed on the above b a s i s . 
Potassium d i h y d r o b i s , potass ium h y d r o t r i s - , potassiiim 
t e t r a k i s ( p y r i d i n e - 2 - t h i o l y l ) bo r a t e s have been syn thes ized by 
the r e a c t i o n of potass ium borohydride and p y r i d i n e - 2 - t h i o l 
i n d i f f e r e n t r a t i o s . The complet ion of the r e a c t i o n was 
ensured by measuring the volume of hydix)gen gas evolved. 
The s t a r t i n g Mate r i a l p y r i d i n e - 2 - t h i o l e x i s t s p r e -
dominat ingly i n the th ione form i n n e u t r a l so lu t ion^ ' 
as shovm below. 
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The absence of S-H band and the presence of N-H 
(47 48) band supports the above structure ' . The reaction of 
the thione form of the ligand with KBH, results the forma-
tion of ligand as given below. 
. - - ^ ^ 
K 
'N-
H B H 
Potassium dihydrobls(pyridine-2-thiolyl)borate 
K^  
Potassium hydrotris(pyridine-2-thiolyl)borate 
^h 
K" 
. ^ ^ 
Potassium t e t r ak l s (py r id lne -2 - th io ly l )bo ra t e 
That the boron atom i s bonded to the ni trogen atom was 
(50) bond of medium confirmed by the appearance of a B-N 
i n t e n s i t y a t 1450-1425 cm and the appearance of a new 
_ - ] band a t 1050-1090 cm which i s assigned to C=S s t re tch ing 
frequency (50) However, there appears a broad band in the 
-1 
range 2 350-2250 cm c h a r a c t e r i s t i c of the B-H s t re tching 
f 51) frequency^ \ Doublet B-H bands are observed in potassium 
dihydrobis (pyr id ine-2- th io ly l )bora te while only one B-H band 
in hydro t r i s (pyr id ine -2 - th io ly l )bora te has been observed^'^ ' . 
I t t e t r ak i s (py r id ine -2 - th io ly l )bo ra t e there i s no such band 
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present as a consequence of removal of a l l hydrogen from KBH .^ 
After complexation small sh i f t s in C=S are observed 
i r r e spec t ive of the nature of metal ions coordinated. CaC and 
C=N s t re tch ing vibra t ions in the complexes of (pyr id ine-2-
chio ly l )bora te appear a t t h e i r appropriate pos i t ion . Some 
new bands of weaker i n t e n s i t y observed in the far infrared 
region(400-400 cm ) of the complexes have been assigned to the 
metal sulphur s t re tching frequency. 
Complexes of dihydrobi3(pyridlne~2-thlolyl)borates : 
The e lec t ronic spectrum of ^TI(JT) complex shows ligand 
f ie ld bands a t 15,384 cm"'' and 23,809 cm ^ assigned ^T. (G) 
A. and £^(0) 4 A^  t r a n s i t i o n , c h a r a c t e r i s t i c of 
octahedral s t ruc tu re around the metal ion. The octahedral 
s t ruc tu re i s achieved by the bridging chlor ine atoms. The 
charge t r ans fe r band i s observed a t 32,258 cm . 
In case of Co/ j j \ complex there are three main absorp-
t ion bands a t 13,157 cm"'', 22,720 cm"'' and 34,480 cm"'' which 
possess the quartet-F-ground term, assigned to Ap (F) <— '^ij^^ 
and T. (P) < '^I<T(^) t r a n s i t i o n s respect ive ly , character^ 
i s t i c of an octahedral geometry. 
The ref lectance spectrum of Ni ( I l ) complex shows 
absorption bands a t 17,543 cm"'' and 26,315 cm"'' assigned to 
^T (F) « \ J F ) and ^T (p) -4 A^ J F ) t r a n s i t i o n 
•H 
m 
w 
CO 
o 
en. 
T -
m 1 
a 
o 
5^7 
a 
o o 
o 
^-t -
o 
^ 
« k 
CM 
+> 
c 
0) 
a 
bO 
• H 
03 
W 
rt 
0) 
H 
XI 
•H 
W 
W 
O 
o 
C 
•p a i „ 
o CO a 
cux> u 
H 
W 
to 
73 
O 
O 
O 
CO 
bO bO 
<: <: 
bO 
<- boe-( 
EH W . 
•4 a\ CD 
o ir\ 
00 C\l 
•k a^  « 
in K^  cj 
T- C\J f*^ 
^ 
O 
PQ 
rg 
CO 
CM 
Z 
o 
o 
o 
c 
00 
o 
00 
o 
ON 
•J-
Ci4 Ci. 
bO bO 
fc a, 
t^ o o 
in CM CO 
r - t ~ - <F 
•k A M 
KN CM ^ 
y - CO r n 
-J-
00 
ON 
o 
I I 
I I 
I I 
bO bO 
CM CM 
< <: w 
bO 
CM 
\ \ >!' 4' v 4-
bO bO hO bO . 
CM ^ E-< T- T- H 
bO 
CM 
EH 
CM 
tn in t^ 
<r T- rn 
in rn o 
• k ak Vk 
C-- «> t -
V- (M m 
00 
i n 
00 
O 
m 
CM 
CO 
CM 
o 
r-
o 
r-
U 
o 
CJ 
o 
P3 
CM 
CO 
CM 
"Z 
o 
o 
—^ 
CJ 
•H 
O 
• H 
4-> 
QJ 
C 
hO 
CO 
a 
CO 
r-t 
o f"'^ 
CQ 
CM 
to 
CM 
2 
O 
t— 
X 
O 
T— 
u 
^^^^  3 
C_) 
r-\ 
u 
»«-N 
CQ 
CM 
CO 
CM 
2 
O 
r-
X 
o r— 
O 
**--*' 3 
N 
20 
respec t ive ly . The charge t r ans fe r band i s observed a t 
37,037 cm"''. 
The e lec t ronic spectrum of Cu(ll) complex shows 
— 1 2 2 
absorption band a t 18,518 cm assignable to T, < E 
t r a n s i t i o n . I t has an octahedral geometry as has been 
(13 ^h) found in several Cu complexes with s imi la r borates^ ' 
Complexes of Hydrotrls(pyridine-2-thlolyl)borate : 
The e lec t ron ic spectrum of Mn(II) complex i n h i b i t s 
bands a t 19530 cm~\ 21,320 cm"'' and 28,260 cm"'' a t t r i b u t a b l e 
to the t r a n s i t i o n ^T2 (G) « ^A. , ^A. (G) < ^A^ and 
charge t r ans fe r band respec t ive ly . These are cha rac t e r i s t i c 
of an octahedral geometry. The bands observed in the e l e c t r o -
nic spectrum of the Co(Il) complex occur a t 13»150 cm and 
23,250 cm"'' assigned to ^Tp (F) < ^T (F) and ^Ap (F) < 
T^ ( F ) respect ive ly and may reasonably be a t t r i bu t ed to the 
octahedral environment around the Co(Il) ion. 
The e lec t ronic spectrum of Ni ( I l ) complex shows 
l igand f i e ld bands c h a r a c t e r i s t i c of octahedral geometry around 
the metal ion. I t i n h i b i t s two bands a t 15,625 cm and 
21,322 cm"'' assigned to ^T. (F) < ^^^ (F) and ^T (P) 4 
A2 ( F ) t r a n s i t i o n s respec t ive ly . The charge t rans fe r i s 
observed a t 21,322 cm"''. 
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The Cu(II) complex shows two main bands a t 13,000 cm 
— 1 2 2 
and 33,400 cm assigned to T^_ < E and charge transfer 
•^  g g 
ind ica t ive of a octahedral geometry. 
Complex of potassium tetrakis(pyrldlne-2-thlolyl)borate: 
The e lec t ron ic spec t ra l bands of Mn(Il) complex are 
summarized in Table IX. I t can be seen t h a t bands occur a t 
13,157 cm"'', 19,230 cm"\ 23,255 cm"'' and 24,691 cm"'' respec-
t ive ly , assigned to ^T^g(G) < ^A^^, ^TjgCo) < ^A^^, 
S (G) < ^A. and ^A. (G) < ^A. t r a n s i t i o n s character-
g 1g 'g 1g 
i s t i c of an octahedral geometry for the Mn(Il) ion. 
The l igand f i e l d spectrum of the Cobal t ( I l ) complex 
— 1 — 1 
exhibi ts bands 13»698 cm and 2 5,974 cm assuming an oc ta-
hedral environment of the l igand about Co "*" ion. The bands 
may be assigned to ^ T J ^ C F ) < ^^ig(^) ^^^ ^^2g^^^ <—^l^i^) 
t r a n s i t i o n respect ively . The charge t r ans fe r band i s observed 
a t 34,530 cm"''. 
N i ( l l ) complex enh ib i t s three bands a t 12,500 cm" , 
16,950 cm"'' and 25,640 cm"'' assignable to ^T^ (F) < A^p (F) , 
o o 
T^ (F) 4 ^^2g(^^ ^"^ ^ '^ lg(P) ** ^^2g^^^ transition 
respect ive ly , c h a r a c t e r i s t i c of one octahedral geometry around 
the metal ion. A intense charge t r ans fe r band also observed 
a t 31,250 cm . The l igand f i e ld spectrum of Cu(Il) complex 
contains weak band observed a t 13,605 cm" assigned to 
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T^ < E t r ans i t i on , c h a r a c t e r i s t i c of an octahedral 
2g g 
Q 
geometry for d'^  system. An intense charge transfer band is 
observed at 33, 330 cm . 
The nephelauxetic parameter 0 value has been evalua-
ted for all the complexes. The /3 value in this case is less 
than one and the ligand may be placed in the vicinity of 
ethylanediminic in nephelauxetic series(l4). 
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